MAGNETIC SENSOR AND MANUFACTURING METHOD THEREFOR 



CROSS REFERENCE TO RELATED APPLICATIONS 
This application is based on and incorporates herein 
by reference Japanese Patent Applications No. 2001-63524 filed 
on March 7 , 2001 and No. 2002-32565, filed on February 8, 2002. 

FIELD OF THE INVENTION 
The present invention relates to a magnetic sensor 
using magnetic tunnel junction devices as magnetoresistive 
devices and a manufacturing method therefor. 

BACKGROUND OF THE INVENTION 

In a magnetic sensor, as shown in Fig. IB, two 
magnetoresistive devices R x and R 2 are connected in series on 
a substrate 10. Each of the magnetoresistive devices R x and R 2 
is constructed with one or a series of two or more magnetic tunnel 
junction devices (TMR devices) and one of the magnetoresistive 
devices (for example, R 2 ) is magnetically shielded. 

In this magnetic sensor, the temperature 
characteristics of the magnetoresistive devices R L and R 2 are 
virtually identical. Therefore, when a given voltage is applied 
between electric terminals Pa and Pb at one end and the other 
of the serial path of the magnetoresistive devices R x and R 2 and 
no external magnetic field is applied into the plane of the 
substrate 10, a constant output voltage is produced between the 
electric terminals Pc and Pb (or Pa and Pc) at both ends of the 



magnetoresistive device R 2 (or regardless of the temperature. 
The constant output voltage is, for example, Vin/2, where Vin 
represents the voltage between the terminals Pa and Pb. 

When an external magnetic field is applied to the 
plane of the substrate 10, the electric resistance of the 
magnetoresistive device R 2 varies depending on the orientation 
and magnitude of the magnetic field. Thus the output voltage 
between the terminals Pc and Pb (or Pa and Pc) varies as the 
electric resistance changes. In the TMR devices which 
constitute the magnetoresistive devices R x and R 2 , the change 
in resistance is very small even when the ambient temperature 
varies with an external magnetic field. Consequently, this 
magnetic sensor shows a favorable temperature characteristic. 

However, in the manufacturing process, when fixing 
the chip to a lead frame, the chip is likely to crack at the 
portion covered by a magnetic shield layer 42 due to changes 
of temperature from a heat treatment temperature level to a room 
temperature level. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a magnetic sensor which is least likely to cause cracking and 
a manufacturing method therefor. 

According to the present invention, magnetoresistive 
devices are formed on the insulating surface of a substrate. 
The devices are connected in series through an insulating film 
using a wiring layer formed on the surface of the substrate. 



An insulating film for passivation is formed to cover the devices 
and the wiring layer. A magnetic shield layer is formed on the 
passivation insulating film through an organic film for 
relieving thermal stress to cover one of the devices. After 
removal of the sensor chip containing the magnetoresistive 
devices and other components from the wafer, the chip is bonded 
to a lead frame through an Ag paste layer by heat treatment. 
Preferably, the magnetic shield layer is made of a Ni-Fe alloy 
having a Ni content of 69% or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become more apparent from the 
following detailed description made with reference to the 
accompanying drawings: In the drawings: 

Fig. 1A is a sectional view showing a magnetic sensor 
according to a first embodiment of the present invention, and 
Fig. IB is an equivalent circuit diagram of the magnetic sensor; 

Fig. 2A is a sectional view showing a step of forming 
groups of TMR devices of the magnetic sensor, Fig. 2B is a 
sectional view showing a step of forming wire connections of 
the magnetic sensor, and Fig. 2C is a sectional view showing 
a step of forming an insulating film of the magnetic sensor; 

Fig. 3A is a sectional view showing a step of forming 
an organic film for the magnetic sensor, and Fig. 3B is a 
sectional view showing a step of forming a shield layer and the 
step of forming a resist layer of the magnetic sensor; 



Fig. 4A is a sectional view showing a step of selective 
coating with a Ni-Fe alloy of the magnetic sensor, and Fig. 4B 
is a sectional view showing a step of removing the resist layer 
and a step of selectively removing the shield layer of the 
magnetic sensor; 

Fig. 5 is a sectional view showing a step of forming 
an organic film which follows the steps shown in Fig. 4B; 

Fig. 6 is a sectional view showing a step of 
selectively etching an insulating film for passivation which 
follows the step shown in Fig. 5; 

Fig. 7 is a top view showing the groups of TMR devices 
shown in Fig. 2A; 

Fig. 8 is a sectional view taken along the line 
Vlll-vill in Fig. 7 showing the film forming step in the TMR 
device pair forming process; 

Fig. 9 is a sectional view showing a step of ion milling 
which follows the step shown in Fig. 8; 

Fig. 10 is a sectional view showing a step of ion 
milling which follows the step shown in Fig. 9; 

Fig . 11 is a top view showing the magnetic sensor shown 
in Fig. 2B; 

Fig. 12A is a top view showing the layout of TMR device 
pairs, Fig. 12B is a top view showing an example of a magnetic 
sensor using the groups of TMR devices shown in Fig. 12A, and 
Fig. 12C is a top view showing another example of a magnetic 
sensor using the groups of TMR devices shown in Fig. 12A; 

Fig. 13 is a top view showing the organic film shown 



in Fig. 3A; 

Fig. 14 is a top view showing the resist layer shown 
in Fig. 3B; 

Fig. 15 is a top view showing the resist layer and 
magnetic shield layer shown in Fig. 4A; 

Fig. 16 is a top view showing the organic film and 
magnetic shield layer shown in Fig. 4B; 

Fig. 17 is a top view showing the organic film covering 
the magnetic shield layer shown in Fig. 5; 

Fig. 18 is a sectional view showing a magnetic sensor 
chip fixed onto a lead frame; 

Fig. 19 is a sectional view showing a magnetic sensor 
chip connected with a bonding wire; 

Fig. 20 is an equivalent circuit diagram showing a 
magnetic sensor according to a second embodiment of the present 
invention; 

Fig. 21 is a top view showing an analytic model based 
on computer simulation; 

Fig. 22 is a sectional view taken along the line T-T' 
of Fig. 21 showing a thermal stress relief film in a fixed 
magnetic shield layer structure; 

Fig. 23 is a graph showing the relation between the 
thickness of the thermal stress relief film and the maximum 
stress generated on the surface of the silicon chip surface; 

Fig. 24 is a sectional view taken along the line 
XXIV-XXIV in Fig. 21 showing a magnetic shield layer of Ni- 
Fe alloy in a magnetic shield layer structure; 



Fig. 25 is a graph showing the relation between the 
Ni content of Ni-Fe alloy and the maximum stress generated on 
the surface of the silicon chip surface; 

Fig. 26 is a graph showing the maximum stress 
generated on the surface of the silicon chip surface concerning 
a Ni-Fe alloy with a Ni content of 81% and one with a Ni content 
of 45%; 

Fig. 27 is a sectional view taken along the line 

XXVII- XXVI1 in Fig. 21 showing a magnetic shield layer structure 
which has no undercut at the bottom of each side wall of the 
magnetic shield layer; 

Fig. 2 8 is a sectional view taken along the line 

XXVIII- XXVIII in Fig. 21 showing a magnetic shield layer 
structure which has an undercut with a square cross section at 
the bottom of each side wall of the magnetic shield layer; 

Fig. 29 is a sectional view taken along the line 
IXXX-IXXX in Fig. 21 showing a magnetic shield layer structure 
which has an undercut with a triangular cross section at the 
bottom of each side wall of the magnetic shield layer; and 

Fig. 30 is a graph showing the maximum stress 
generated on the surface of the silicon chip surface concerning 
the magnetic shield layer structures shown in Figs. 27 to 29. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

Referring first to Fig. 1A, a magnetic sensor 
according to the first embodiment has magnetoresistive devices 



R x and R 2 arranged in series on the insulating surface of a 
substrate 10 as illustrated in Fig. IB. Each of the 
magnetoresistive devices is constructed with a plurality of TMR 
devices arranged in series. T x to T 6 represent TMR device pairs 
each of which is constructed with a pair of TMR devices connected 
in series through a lower electrode layer 12 as typically 
observed in T t . The device pairs T 1 to T 6 are virtually identical 
in structure and the method for forming the TMR devices will 
be described later. It is also possible that each 
magnetoresistive device R x or R 2 comprises a single TMR device. 

An interlayer insulating film 30 of silicon oxide or 
a similar material is formed on the surface of the substrate 
10, covering the TMR device pairs T 1 to T 6 . Also, a wiring layer 
32 including Al layers Wa to Wc and W x to W 4 is formed on the 
insulating film 30 . TheAl layer Wa is led out from one TMR device 
of the device pair T a< A part of the Al layer Wa constitutes an 
electric terminal or bonding pad Pa shown in Fig. IB. The Al 
layer W x interconnects the other TMR device of the pair T 1 and 
one TMR device of the pair T 2 , and the Al layer W 2 interconnects 
the other TMR device of the pair T 2 and one TMR device of the 
pair T 3 . The Al layer Wc is led out from the other TMR device 
of the device pair T 3 . A part of the Al layer Wc constitutes an 
electric terminal or bonding pad Pc shown in Fig. IB. In this 
way, the magnetoresistive device R x between bonding pads Pa and 
Pc is constructed with TMR device pairs T x to T 3 connected in 
series. 

The Al layer Wc interconnects the other TMR device 



of the device pair T 3 and one TMR device of the device pair T 4 . 
The Al layer W 3 interconnects the other TMR device of the device 
pair T 4 and one TMR device of the device pair T 5 . The Al layer 
W 4 interconnects the other TMR device of the device pair T 5 and 
one TMR device of the device pair T 6 . The Al layer Wb is led 
out from the other TMR device of the device pair T 6 . A part of 
the Al layer Wb constitutes an electric terminal or bonding pad 
Pb shown in Fig. IB. In this way, the magnetoresistive device 
R 2 between bonding pads Pc and Pb is constructed with TMR device 
pairs T 4 to T 6 connected in series . Bonding pad Pc is led out 
from the portion of interconnection of the magnetoresistive 
devices R x and R 2 . 

On the surface of the substrate 10, an insulating film 
34 is provided for passivation covering the insulating film 30 
and wiring layer 32. The insulating film 34 is, for example, 
a silicon oxide film, silicon nitride film or a lamination of 
these films. The insulating film 34 has connecting holes 34a, 
34b and 34c which expose the bonding pads of the wiring layers 
Wa, Wb and Wc. 

On the insulating film 34, an organic film 36 is 
provided for relieving thermal stress. The organic film 36 is, 
for example, a polyimide film, resist film or benzocyclobutene 
film. It has, for example, a thickness of 0.5-1.0 jum or so. It 
has connecting holes 36a, 36b and 36c, which are continuous with 
the connecting holes 34a, 34b, 34c of the insulating film 34, 
respectively. 

On the organic film 36, a magnetic shield layer 42 



is provided to cover the magnetoresistive device R 2 through the 
organic film 36 and the insulating film 34. The magnetic shield 
layer 42 is made of a high-permeability magnetic material such 
as Ni-Fe alloy. 

On the organic film 36, an organic film 44 is provided 
to cover the magnetic shield layer 42. The organic film 44 is, 
for example, a polyimide film, resist film or benzocyclobutene 
film. Usually, its thickness is equal to or larger than the 
thickness of the magnetic shield film 42, for example, 10 jum. 
The organic film 44 has connecting holes 44a, 44b and 44c, which 
are continuous with the connecting holes 36a, 36b, 36c of the 
insulating film 36, respectively. 

In this embodiment, each of the connecting holes 34a 
to 34c is a square of 100 jim X 100 jum; the connecting holes 36a 
to 3 6c are slightly larger than the connecting holes 34a to 34c; 
and the connecting holes 44a to 44c are slightly larger than 
the connecting holes 34a to 34c. Therefore, the connecting 
holes for the respective bonding pads are somewhat fan-shaped 
with a gradual outward increase in size, which facilitates 
bonding of wires of Au or a similar material to the bonding pads. 
It is desirable to use an electrically insulating material for 
the organic films 36 and 34 in order to prevent shorting of wires 
during wire bonding work. 

The substrate (magnetic sensor chip) 10 shown in Fig. 
1A is separated from the wafer by dicing. The other main surface 
(reverse) of the chip, or the surface reverse to the surface 
where the magnetoresistive devices R x and R 2 , the magnetic shield 



layer 42 and so on are formed, is fixed to a Cu lead frame through 
an Ag paste layer by heat treatment. While the temperature is 
decreasing from a heat treatment temperature level to a room 
temperature level, the organic film 3 6 relieves thermal stress 
caused by the difference in the thermal expansion coefficient 
between the chip and the magnetic shield layer 42, which prevents 
cracking in the chip at its portion covered by the magnetic shield 
layer 42. 

After the above wire bonding following the step of 
fixing the chip to the lead frame, the chip, the chip support 
of the lead frame and bonding wires may be housed in a plastic 
package by a resin molding process, if the filler in the resin 
and the magnetic shield layer repeatedly expand and contract 
due to temperature changes during the resin molding process or 
a subsequent process, the magnetic shield layer 42 may peel off 
the organic film 3 6 . Such peeling can be prevented by the organic 
film 44. 

Next, a method for manufacturing the magnetic sensor 
will be described with reference to Figs. 2A-2C to Fig. 19. 

First as shown in Fig. 2A, a TMR device group T n 
including TMR device pairs T 1 to T 3 and a TMR device group T 21 
including TMR device pairs T 4 to T 6 are formed on the surface 
of the substrate 10. The TMR device group pattern may be like 
the one shown in Fig. 7. in this pattern, the same TMR device 
groups T 12 to T 15 as the TMR device group T u are arranged in line 
with T n and the same TMR device groups T 22 to T 25 as the TMR device 
group T 21 are arranged in line with T 21 . This pattern may be 
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changed as shown in Fig. 12 A which includes only the device groups 
T u and T 21 . 

In the device groups T 1X to T 15 and T 21 to T 25 , their TMR 
device pairs are virtually identical in structure, so as a 
typical example, a method for manufacturing the TMR device pair 
T 2 will be explained referring to Figs. 8 to 10. 

At step shown in Fig. 8 f the insulating substrate 10 
is prepared by forming a silicon oxide film 10b on the surface 
of a silicon substrate 10a by thermal oxidation. The substrate 
10 may be an insulating substrate made of glass, quartz or the 
like. A 10-30 nm thick Cr layer as the electrode material layer 
12 is formed on the insulating surface of the substrate 10 by 
sputtering. The electrode material layer 12 may be a single Ti 
layer or a lamination of a Ti layer and a Cu layer, or an insulating 
nonmagnetic metal material such as W, Ta, Au or Mo may be used. 

Next, a 3 0-5 0 nm thick layer of Pt-Mn alloy 14 is formed 
as an anti-ferromagnetic layer on the layer 12 by sputtering. 
The material for the anti-ferromagnetic layer may be a Rh-Mn 
alloy, Fe-Mn alloy or the like. Then, a 10 nm thick Ni-Fe alloy 
layer 16 is formed as a ferromagnetic layer on the Pt-Mn alloy 
layer 14 by sputtering. The material for this ferromagnetic 
layer may be Ni, Fe or Co or an alloy of two or more metals among 
Ni, Fe and Co or an intermetallic compound. A multilayered 
structure such as a lamination of an upper Ni-Fe alloy layer 
and a lower Co layer may be used as well. 

Then, a 1-2 nm thick Al layer is formed on the Ni-Fe 
alloy layer 16 by sputtering. An alumina (AlOx) layer 18 is 



formed by oxidizing the Al layer. The alumina layer 18 is used 
as a tunnel barrier layer . For the tunnel barrier layer , an oxide 
as a modified form of metal or semiconductor (e.g., TiOx, Si0 2 , 
MgO, Al 2 0 3 +Si0 2 [SIALON]) or a nitride (e.g., A1N, Si 3 N 4 ), or an 
oxide nitride (e.g., A1N+A1 2 0 3 ) may be used. 

Next, a 20-100 nm thick Ni-Fe alloy layer 20 is formed 
as a ferromagnetic layer on the alumina layer 18 by sputtering. 
Instead of this ferromagnetic layer 20, a ferromagnetic layer 
similar to the one used for the layer 16 may be used. Then, a 
30-60 nm thick Mo layer 22 is formed on the Ni-Fe alloy layer 
20 by sputtering. The Mo layer 22 is used to form an upper 
electrode layer, and it also serves as an etching stopper at 
the step of forming connecting holes for the Al layer (Wa, etc. 
in Fig. 1A) in the insulating film 30 by etching. 

At step shown in Fig. 9, the lamination ranging from 
the Cr layer 12 to the Mo layer 22 is patterned by ion milling 
using a resist layer as a mask in accordance with a predetermined 
lower electrode pattern. Then the resist layer used for this 
patterning is removed. 

At step shown in Fig. 10, the lamination ranging from 
the Pt-Mn alloy layer 14 to the Mo layer 22 is patterned by ion 
milling using a resist layer as a mask in accordance with two 
predetermined upper electrode patterns. Then the resist layer 
used for this patterning is removed. As a consequence, the first 
TMR device Ta and the second TMR device Tb are produced. The 
first TMR device Ta is a lamination constituted of the Cr layer 
12, Pt-Mn alloy layer 14a, Ni-Fe alloy layer 16a, alumina layer 
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18a, Ni-Fe alloy layer 20a and Mo layer 22a. The second TMR 
device Tb is a lamination constituted of the Cr layer 12, Pt-Mn 
alloy layer 14b, Ni-Fe alloy layer 16b, alumina layer 18b, Ni-Fe 
alloy layer 20b and Mo layer 22b* These devices Ta and Tb are 
connected in series by the lower electrode layer (Cr layer) 12 
to constitute the TMR device pair T x . 

In the TMR device pair T x shown in Fig. 10, the Pt-Mn 
alloy layers 14a and 14b function to fix the orientation of 
magnetization in the Ni-Fe alloy layers 16a and 16b, respectively. 
As a result, the Ni-Fe alloy layers 16a and 16b are both fixed 
magnetization layers. On the other hand, the orientation of 
magnetization in the Ni-Fe alloy layers 20a and 20b is free, 
and they are free magnetization layers. 

When an external magnetic field is applied to the 
plane of the substrate 10 while a given current is flowing through 
the space between the upper electrode (Mo) layers 22a and 22b, 
the relative angle in magnetization between the ferromagnetic 
layers (between the Ni-Fe alloy layers 16a and 20a, and between 
the Ni-Fe alloy layers 16b and 20b) varies depending on the 
orientation and magnitude of magnetization, and the electric 
resistance between the upper electrode layers 22a and 22b varies 
with the changes in the relative angle. The resistance is 
minimum when the orientations of magnetization of the two layers 
are parallel to each other, while the resistance is maximum when 
they are antiparallel . Accordingly, the magnetic field can be 
detected through the resistance changes. 

In the TMR device pair T 2 shown in Fig. 10, it is also 
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possible that the Pt-Mn alloy layers 14a and 14b lie over the 
Ni-Fe alloy layers 20a and 20b, respectively. The Ni-Fe alloy 
layers 20a and 20b are both fixed magnetization layers while 
the Ni-Fe alloy layers 16a and 16b are free magnetization layers . 

At step shown in Fig. 2B, the interlayer insulating 
film 30 which covers the TMR device groups such as T n and T 21 
is formed over the surface of the substrate 10. For example, 
a silicon oxide layer is formed as the insulating film 30 by 
sputtering. Connecting holes necessary for wiring are formed 
in the insulating film 30 by ion milling using a resist layer 
as a mask. Then, an Al layer is formed on the insulating film 
3 0 by sputtering and the Al layer is patterned by wet etching 
using a resist layer as a mask to form the wiring layer 32, which 
includes the remaining Al layer portions Wa to Wc and w x to w 4 . 

If the TMR device group pattern shown in Fig. 7 is 
adopted, the pattern shown in Fig. 11 can be used as a wiring 
pattern . In the case of the pattern shown in Fig .11, connections 
of the TMR device pairs T 1 to T 3 (TMR device group T X1 ) and TMR 
device pairs T 4 to T 6 (TMR device group T 21 ) by the Al layers W x , 
W 2 , wc, w 3 and W 4 are made in the same manner as described by 
reference to Fig. 1. TMR device groups T 12 to T ls are connected 
in series between the Al layer Wa integral with the bonding pad 
Pa, and the TMR device group T n . TMR device groups T 22 to T 25 
are connected in series between the Al layer Wb integral with 
the bonding pad Pb, and the TMR device group T 21 . Here, W 1X to 
W 22 represent Al layers used for serial connection of TMR device 
groups T u to T 15 and W 31 to W 42 represent Al layers used for serial 
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connection of TMR device groups T 21 to T 26 . 

The magnetoresistive device R L is constructed with 
serially connected TMR device groups T n to t 15/ while the 
magnetoresistive device R 2 is constructed with serially 
connected TMR device groups T 21 to T 25 . As an extension of the 
space between the TMR device groups T 12 to T 15 and the TMR device 
groups T 22 to T 25 , part of the Al layer Wc constitutes a bonding 
pad Pc which is in line with bonding pads Pa and Pb. For brevity, 
Fig. 2B shows the cross sections taken along the lines J-J', 
K-K', L-L ' , M-M' and N-N' of Fig. 11 in connected form. 

If the TMR device group pattern shown in Fig. 12A is 
adopted, the pattern shown in Fig. 12B or 12C can be used as 
a wiring pattern. As illustrated in Fig. 12B or 12C, the 
magnetoresistive device R L is constructed with TMR device pair 
T x to T 3 (TMR device group T 12 ) while the magnetoresistive device 
R 2 is constructed with TMR device pairs T 4 to T 6 (TMR device group 
T 21 ) . Connections of the TMR device pairs T x to T 6 by the Al layers 
Wa to Wc and W a to W 4 are made as described above by reference 
to Fig. 1A. The cross section shown in Fig. 2B corresponds to 
a cross section taken along the line IIB-IIB in Fig. 12B and 
also one taken along the line IIB-IIB in Fig. 12C. 

At step shown in Fig. 2C r the insulating film 34 for 
passivation which covers the wiring layer 32 is formed over the 
insulating film 30. Preferably a film with high density texture 
should be used for passivation. One example of the method for 
forming this film is as follows: a 150 nm thick silicon oxide 
film is first formed using the plasma CVD method, followed by 
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formation of a 1000 nm thick silicon nitride film. The 
characteristics of TMR devices deteriorate at 300°C or more. To 
avoid such deterioration, 250 °C is used as a film forming 
temperature in the plasma CVD method. 

At step shown in Fig. 3A, the organic film 36 for relief 
of thermal stress is formed on the insulating film 34. 
Explanations given in association with the step of Fig. 3A and 
subseguent steps assume that the TMR device group pattern shown 
in Fig. 7 is adopted. Covering the magnetoresistive devices R L 
and R 2 and bonding pads Pa to Pc, the organic film 36 forms a 
plane pattern shown in Fig. 13. 

As a typical process of preparing the organic film 
36, a 0.5-1 im thick polyimide film is formed. Specifically, 
polyimide is coated on the upper face of the substrate by a spin 
coater, and then the coating is pre-baked on a hot plate at 50°C 
for 30 minutes and then at 125°C for 3 minutes. Then a positive 
resist layer is formed on the pre-baked ployimide film by rotary 
coating or a similar method. This positive resist layer is 
subjected to exposure and development to form three holes 
corresponding to the connecting holes 36a to 36c. As a result 
of this development process, three holes are formed in the 
positive resist layer and the polyimide film is etched by the 
developing solution with the positive resist layer as a mask 
so that the connecting holes 36a to 36c are formed in the 
polyimide film as the organic film 3 6 as shown in Figs. 3A and 
13. 

After removal of the positive resist layer, the 



polyimide layer is set by 1-hour heat treatment at 250°C to become 
a film suitable for practical us^e. In order to avoid such 
deterioration in TMR device characteristics as described above 
concerning the plasma CVD process, it is desirable to use a heat 
treatment temperature of below 300°C. Since the reaction of the 
polyimide itself is completed at 2 00°C or less and the boiling 
point of the solvent is not more than 210°C, it can be set to 
an intended degree as far as the heat treatment temperature is 
200°C or more. If a resist film is used as the organic film 36, 
it may be heat-treated, for example, at 250°C for one hour. If 
a benzocyclobutene film is used as the organic film 36, it may 
be heat-treated, for example, at 230°C for one hour. 

At step shown in Fig. 3B, a seed layer for selective 
coating which covers the organic film 36 and connecting holes 
36a to 3 6c is formed. A typical process of forming the seed layer 
38 is as follows: a lamination layer is formed by laying a 200 
nm thick Ni-Fe alloy layer over a 20 nm thick Cr layer by 
sputtering, then a resist layer 40 is formed on the seed layer 
3 8 to form a plane pattern as illustrated in Fig. 14, where the 
resist layer should have a hole 40a to expose the part of the 
seed layer 38 to be coated (which corresponds to the magnetic 
shield layer 42) . The thickness of the resist layer 40 may be, 
for example, 3 jjm. 

At step shown in Fig. 4A, the magnetic shield layer 
42 is formed by selective coating with the resist layer 40 as 
a mask, to form a plane pattern as illustrated in Fig. 15. A 
typical method of forming the magnetic shield layer 42 is that 



a 10 jum thick magnetic layer of Ni-Fe alloy is formed by 
electrolytic coating. Here, the coating conditions are as 
follows . 

Coating liquid: mixture of nickel sulfate, iron sulfate, 
boric acid, ammonium chloride, sodium dodecyl sulfate, 
saccharin sodium and ascorbic acid 

Temperature: fixed temperature between 45°C and 60°C 
Current density: 3.5 A/dm 2 

The thicker the magnetic shield layer 42 is, the 
larger the shielding effect of is. Therefore, the thickness 
should be determined depending on the required level of shielding 
effect. If the magnetic shield layer is thick, the portion of 
the layer which is above the resist layer may protrude 
horizontally. To prevent such protrusion, the viscosity of the 
resist layer 40 should be increased and its thickness should 
be at least 10 /jm. 

At step shown in Fig. 4B, after the resist layer 40 
is removed using a resist removing agent such as acetone, 
portions of the seed layer 38, which are not covered by the 
magnetic shield layer 42 are removed by ion milling. This 
removal work may be done by wet etching instead of by ion milling. 
As a result of the removal step shown in Fig. 4B, the magnetic 
shield layer 42 remains on the organic film 36 through the 
remaining portion of the seed layer 3 8, a plane pattern is formed 
as illustrated in Fig. 16. 

At step shown in Fig. 5 , an organic film 44 which covers 
the magnetic shield layer 42 is formed on the organic film 36 



to form a plane pattern as illustrated in Fig. 17. As a typical 
process of preparing the organic film 44 , a 10 pm thick polyimide 
film is formed in the same manner as described above for the 
organic film 36. In addition, the connecting holes 44a to 44c 
as continuous with connecting holes 3 6a to 36c are formed in 
the organic film (polyimide film) 44 by etching with the same 
developing solution as used for development of the positive 
resist layer formed on the polyimide film, as illustrated in 
Figs. 5 and 17. 

At step shown in Fig. 6, the connecting holes 34a to 34c 
as the respective continuous with connecting holes 36a to 36c 
are formed in the insulating film 34 by selective etching with 
the organic films 36 and 44 as masks. For the selective etching 
process, the responsive ion etching (RIE) technique is employed. 
The etching conditions which may be used are given below as an 
example: 

Etching gas: CF 4 

Pressure: 0.05 Torr 

RF power: 240 W/ 200 mm$ 

According to the above magnetic sensor manufacturing 
method, the connecting holes 36a to 36c are formed before setting 
of the organic film 36. Therefore, the etching work for forming 
the connecting holes is easy. In the process from the step of 
Fig. 3 A to the step of Fig. 5, the magnetoresistive devices R x 
and R 2 , wiring layer 32 and bonding pads Pa to Pc are protected 
by the insulating film 34, so the magnetoresistive devices R x 
and R 2 , wiring layer 32 and bonding pads Pa to Pc are not damaged 



while the organic films 36 and 44, and the magnetic shield layer 
42 are being formed. This implies an improvement in yield rate. 

After the step shown in Fig. 6, the magnetic sensor 
chip as shown in Fig. 6 is separated from the silicon wafer by 
5 dicing. The other main surface (reverse) of the chip, or the 

surface reverse to the surface where the magnetoresistive 
devices R 2 and R 2 , the magnetic shield layer 42 and so on are 
formed, is fixed to a Cu lead frame 50 through an Ag paste layer 
52 by heat treatment, as illustrated in Fig. 18. For setting 
1# of the Ag paste layer 52, heat treatment is performed at 150°C 

P for 90 minutes or at 180°C for 60 minutes depending on the type 

of Ag paste used. 

m 

! f3 if , in the magnetic sensor chip shown in Fig. 6, the 

IU 

magnetic shield layer 42 should be formed on the insulating film 

Pi 

lW 34 in the absence of the organic film 36, cracking might occur 

2 in the chip at the portion covered by the magnetic shield 42 

m while the temperature is decreasing from the heat treatment 

temperature level to a room temperature level. The following 
is the analysis about the mechanism in which such cracking occurs . 
20 Table 1 below shows expansion coefficients of various materials . 



[Table 1] 



Material 


Coefficient of expansion (/°C) 


Si 


2.6-3.6 X 10" 6 


Ni 81 Fe 19 


12-13 X 10- 6 


Cu 


17 X l(T e 


Fe alloy (42 alloy) 


4.4-7.0 X 1(T 6 


Au 


23 X 10- 6 



These materials are used as follows. Silicon (Si) 
is a material for the substrate of the chip; Ni-Fe alloy (Ni 81 Fe 19 ) 
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is a material for the magnetic shield layer 42; and copper (Cu) 
is a material for the lead frame 50. The expansion coefficient 
of Fe alloy (42 alloy) is given here for the purpose of comparison 
and gold (Au) is a material for the substitute film used instead 
5 of the organic film 3 6 as stated later. 

Cu as a material for the lead frame 50 has an expansion 
coefficient larger than that of Fe alloy (42 alloy), a common 
lead frame material , and the silicon used for the substrate. 
For this reason, stress is produced between the lead frame 50 

lift and the silicon substrate of the chip during cooling after Ag 

O 

(3 paste heat treatment. If other conditions are poor, cracking 

*0 

i* might occur just because of this stress. When a magnetic shield 

!f1 

;0 layer 42 made of Ni 81 Fe I9f whichhas an expansion coefficient larger 
than that of silicon, is formed on the silicon substrate, stress 

O 

15M occurs between the magnetic shield layer 42 and the silicon 

s s 
- say 

substrate, increasing the possibility of cracking. Factors 

O 

iM which relate to cracking may include: (a) size, thickness and 

shape of the silicon substrate; (b) size, thickness and shape 
of the magnetic shield layer 42; and (c) Ag paste heat treatment 
2 0 temperature . 

In the embodiment, for relief of thermal stress due 
to the above difference in expansion coefficients, the flexible 
organic film 3 6 lies between the insulating film 34 for 
passivation and magnetic shield layer 42 which cover the silicon 
25 substrate. 

In order to confirm the effect, different samples 
(magnetic sensor chips) on which different types of films are 
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formed for the organic film 36 were prepared and experiments 
were conducted to investigate how cracking would occur. 
Specifically, for the organic film 36, three samples with 
different types of films as listed in Table 2, that is, a 0.5 
pm thick polyimide film, a 1 jii thick polyimide film and a 0.7 
pim thick resist film, were prepared. The chip was fixed to the 
Cu lead frame 50 through the Ag paste layer 52 by heat treatment 
(180°C, 60 min) , followed by the step of cooling down to a room 
temperature and further down to -140°C to measure the temperature 
at which cracking began to occur. The measurement results are 
shown in Table 2 as "Cracking temperature.'' 



[Table 2] 



Organic 
film 


Material 


Polyimide 


Polyimide 


Resist 


Thickness 


0.5 ^m 


1 pm 


0.7 /jm 


Cracking temperature 


-40 °C or 
less 


-40 °C or 
less 


-40 °C or 
less 



Among the three samples, the two samples which use 



a polyimide film as the organic film 3 6 were produced by following 
the same steps as described above by reference to Figs. 2 to 
6. The sample which uses a resist film as the organic film 36 
was produced by following the same steps as described above by 
reference to Fig. 2 and Figs. 4 to 6 except the organic film 
formation step of Fig. 3A. In the case of this sample, the 
following step was taken for the organic film formation step 
of Fig. 3A: after rotary coating of a resist film on the upper 
face of the substrate, the resist film was pre-baked and 
subjected to exposure and development to form connecting holes 
3 6a to 3 6c and then the resist film was baked at 250°C to make 
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it a film suitable for practical use. 

Table 2 reveals that cracking occurred only at -40°C 
or less in the samples using a polyimide film or a resist film 
as the organic film 36 . In addition, in the subsequent step where 

these samples were heated to 250°C, cracking did not occur. 
Therefore, the magnetic sensor according to the present 
invention has an advantage that cracking does not occur in the 
temperature range from -40°C to 250°C. 

For comparison, Table 3 shows the results of cracking 
temperature measurements formed in the same manner as described 
above concerning a sample without a substitute film for the 
organic film 36 and samples with an Au substitute film for the 
organic film 36. 



[Table 3] 



Substitute 
film 


Material 


None 


Au 


Au 


Thickness 


2 jum 


4 pim 


Cracking temperature 


25 °C or 
more 


0-25°C 


0~25°C 



In the case of the sample having no substitute film, 



the organic film 36 was not formed through the step of Fig. 3A 
and the magnetic shield layer 42 was formed on the insulating 
film 34 through the steps of Fig. 3B and Fig. 4A. This type of 
magnetic sensor chip is conventional. In the case of the samples 
having an Au film, a 2 or 4 ym thick Au film was formed instead 
of the organic film 36 which would be formed through the step 
of Fig. 3A and the magnetic shield layer 42 was formed on the 
Au film through the steps of Fig. 3B and Fig. 4A. 

Table 3 shows that cracking is likely to occur in the 



-23- 



sample having no substitute film and that even in the samples 
having a substitute Au f ilm, cracking occurs in the temperature 

range from 0 to 25°C. This means that the presence of such Au 
film does not prevent cracking effectively. 

After the magnetic sensor chip is fixed to the Cu lead 
frame 50 through the Ag paste layer 52 as explained above, wires 
of Au or a similar material are bonded to the bonding pads Pa 
to Pc. Fig. 19 illustrates how a wire is bonded to a bonding 
pad (Pb in this example). Here, the same parts or components 
shown in Fig. 6 are marked with the same reference numerals and 
symbols. BD represents a bonding wire. The components 
(magnetoresistive device R 2 , insulating film 34, organic film 
36 and so on) lying under the magnetic shield layer 42 are much 
thinner than the magnetic shield layer 42 and the organic film 
44, so they are not shown in this figure. 

(Second Embodiment) 

Fig. 20 shows a magnetic sensor according to the 
second embodiment of the present invention. On the insulating 
surface of the substrate 10, magnetoresistive devices R 31 and 
R 32 having the same structure as the magnetoresistive devices 
R x and R 2 (Fig. 1) are connected in series. Further, 
magnetoresistive devices R 33 and R 34 having the same structure 
as the magnetoresistive devices R x and R 2 are connected in series. 
R 32 and R 33 are covered through the insulating film 34 and the 
organic film 36 by the magnetic shield layers 42a and 42b, 
respectively, in the same manner as shown in Fig. 1A. 
Alternatively, the magnetic shield layers 42a and 42b may be 

-24- 



not separated from each other but constitute a single continuous 
magnetic shield layer. 

The serial path of magnetoresistive devices R 31 and 
R 32 and that of magnetoresistive devices R 33 and R 34 are connected 
in parallel. A bonding pad P u is connected at the section of 
interconnection of the devices R 31 and R 33/ and a bonding pad P 12 
is connected at the section of interconnection of the devices 
R 32 and R 34 . Also, a bonding pad P 13 is connected at the section 
of interconnection of the devices R 31 and R 32 , and a bonding pad 
P 14 is connected at the section of interconnection of the devices 
R 33 and R 34 . in this way, the devices R 31 to R 34 constitute a 
resistance bridge circuit. When a given voltage is applied 
between the bonding pads p u and P 12 , an output voltage which 
depends on the external magnetic field is generated between the 
bonding pads P 13 and P 14 . 

Like the magnetic sensor shown in Fig. 1A, the 
magnetic sensor shown in Fig. 20 also prevents cracking in the 
substrate 10 at the portions covered by the magnetic shield 
layers 42a and 42b, as described above. 

A possible variation of the magnetic sensor shown in 
Fig. 20 is that two magnetic sensors of the same type as the 
one in Fig. 1A are connected in accordance with the same layout 
as shown in Fig. 20 to constitute a resistance bridge circuit. 
This variation will provide the same operation and advantage 
as the magnetic sensor shown in Fig. 20. 

Fig. 21 shows an analytic model used for computer 
simulation called FEM (Finite Element Method) analysis as viewed 



from above* Here, a silicon chip 62 which corresponds to the 
substrate (magnetic sensor chip) 10 is fixed on the surface of 
a lead frame 60, which corresponds to the Cu lead frame 50. 
Magnetic shield layers 64 and 66 , which correspond to the 
magnetic shield layer 42 are fixed on the surface of the silicon 
chip 62 with a given interval between them. The magnetic shield 
layer 64 and magnetic shield layer 66 as fixed on the silicon 
chip 62 are identical in structure. Here,, the structure of the 
magnetic shield layer 64 as fixed will be explained below, 
referring to the sectional view taken along the line XXII-XXII 
in Fig. 21. 

Fig. 22 is a sectional view taken along the line 
XXII-XXII in Fig. 21 in the case that a thermal stress relief 
film is used in the magnetic shield layer structure. A silicon 
oxide film 68 is formed on the surface of the silicon chip 62 
and the magnetic shield layer 64 is fixed on the silicon oxide 
film 6 8 through the thermal stress relief film 70, which 
corresponds to the above organic film 36. 

The magnetic shield layer 64 is a lamination 
constituted of a smaller rectangular magnetic shield layer 
(lower layer) 72 and a larger rectangular magnetic shield layer 
(upper layer) 74. The magnetic shield layers 72 and 74 are laid 
one upon the other in a way that an undercut 72a is formed at 
the bottom of each side wall of the magnetic shield layer 64 
where the undercut has a square cross section in the direction 
of depth along the four sides of the magnetic shield layer 64 
(right and left bottom portions shown in the figure). The 
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magnetic shield layers 72 and 74 are both made of a Ni-Fe alloy 
with a Ni content of 45%, and have a thickness of 0.8 jum and 
a thickness of 9.2 jum, respectively. 

Fig. 23 shows the result of analysis of the maximum 
stress generated on the silicon chip 62 with three different 
thicknesses of the thermal stress relief film 70 (0 jum, 0.5 pm, 
Ijum) . In this analysis, stress was generated on the surface of 
the silicon chip 62 by decreasing the temperature from 180°C to 
-40°C. This temperature condition is the same as used for the 
stress analysis as described later. Fig. 23 shows that the 
maximum stress is smaller in the presence of a 0.5 jum or 1 ]jm 
thick thermal stress relief film 70 than in the absence of a 
thermal stress relief film 70 (i.e., 0 jum thickness). 

Fig. 24 is a cross sectional view taken along the same 
line in Fig. 21 concerning the structure of the magnetic shield 
layer 64 where the above thermal stress relief film 70 does not 
exist but the magnetic shield layer 64 is made of a Ni-Fe alloy 
having a low Ni content. In Fig. 24, the same portions as those 
shown in Figs. 21 and 22 are marked with the same reference 
numerals and their detailed descriptions are omitted here. 

It is known that Ni-Fe alloys with different 
composition ratios have different expansion coefficients . Figs . 
25 and 26 show the results of analysis of maximum stress on the 
surface of the silicon chip 62 where the Ni content of the Ni-Fe 
alloy as the material for the magnetic shield layer 64 is changed . 
Fig. 25 shows that the stress on the silicon chip is the minimum 
with a Ni content of 36% and the stress is smaller with a Ni 



content of 69% or less (preferably from 32% to 50%) than with 
a Ni content of 70% or more. 

Accordingly, in the magnetic shield layer structure 
as illustrated in Fig. 24, the Ni content of the magnetic shield 
layer 64 (72, 74) should be 69% or less (preferably from 32% 
to 50%). The use of such a magnetic shield layer 64 with a low 
Ni content will lead to reduction in stress due to its lower 
expansion coefficient, thus preventing cracking in the chip. 
In the magnetic shield layer structure illustrated in Fig. 22, 
it is desirable to use a Ni-Fe alloy with a Ni content of 69% 
or less (preferably from 32% to 50%) to form a magnetic shield 
layer 64 (72, 74). In addition to the stress reducing effect 
of the thermal stress relief film 70, the use of such a magnetic 
shield layer 64 reduces stress because its expansion coefficient 
is relatively low, so cracking in the chip can be prevented more 
effectively. In order to obtain a magnetic shield layer 64 of 
a Ni-Fe alloy with a low Ni content, the ratio of nickel sulfate 
to iron sulfate should be varied appropriately. 

Figs. 27 to 29 are sectional views taken along the 
same line in Fig. 21 where the profile of the bottom portion 
of each side wall of the magnetic shield layer is different. 
In Figs. 27 to 29, the same portions as those shown in Figs. 
21 and 22 are marked with the same reference numerals and their 
detailed descriptions are omitted here. 

In the structure illustrated in Fig. 27, there is no 
undercut at the bottom of each side wall of the magnetic shield 
layer 64. In other words, the magnetic shield layers 72 and 74 



are rectangular and virtually identical in size and each side 
wall of the magnetic shield layer 64 is upright and straight 
from the bottom to the top. In the structure illustrated in Fig . 
28, there is an undercut 72a with a square cross section along 
the bottom of each side wall of the magnetic shield layer 64 
as stated above by reference to Fig. 22. In the structure 
illustrated in Fig. 29 , there is an undercut 72b along the bottom 
of each side wall of the magnetic shield layer 64 which is the 
same as the undercut 72a shown in Fig. 28 except that the undercut 
72b has a triangular cross section in the direction of depth 
(right and left bottom portions shown in Fig. 29). 

Fig. 30 shows the maximum stress generated on the 
surface of the silicon chip 62 concerning the magnetic shield 
layer structures shown in Figs. 27 to 29. In the graph of Fig. 
30, "No undercut," "Undercut A" and "Undercut B" correspond to 
the structures shown in Figs. 27, 28 and 29, respectively. Fig. 
3 0 shows that the structure with no undercut (Fig. 27) generates 
less stress than the structures shown in Figs. 28 and 29. 

Therefore, when the magnetic shield layer structures 
as described above by reference to Figs. 22 and 24 have no 
undercut as shown in Fig. 27, cracking in the chip can be 
prevented more effectively. In order to obtain a structure with 
no undercut as shown in Fig. 27, in the coating step as described 
above by reference to Fig. 4A, the thickness of the resist layer 
40 should be increased to prevent the upper portion of the 
magnetic shield layer 42 from protruding horizontally. 

The above embodiments may be implemented in other 



specific forms. For instance, a high permeability alloy other 
than Ni-Fe alloy may be used as the material for the magnetic 
shield layer and an alloy with a smaller expansion coefficient 
may be used. 

As discussed so far, according to the present 
invention, an organic film for relieving thermal stress is formed 
under the magnetic shield layer and/or a Ni-Fe alloy having a 
Ni content of 69% or less is used as the material for the magnetic 
shield layer in order to prevent cracking in the magnetic sensor 
chip which has been bonded. As a result, the yield rate in the 
manufacture of magnetic sensors is improved. 



